The Advanced Energy Design Guide for Small Hospitals and Healthcare Facilities (AEDG-SHC) was recently completed. It is the sixth document in a series of guides designed to achieve 30% savings over the minimum code requirements of ANSI/ASHRAE/IESNA Standard 90.1-1999. The guide [1] is available for print purchase or as a free download from http://www.ashrae.org/aedg and provides user-friendly assistance and recommendations for the building design, construction, and owner communities to achieve energy savings. Included in the guide are prescriptive recommendations for quality assurance and commissioning; design of the building envelope; fenestration; lighting systems (including electric lighting and daylighting); heating, ventilation, and air-conditioning (HVAC) systems; building automation and controls; outside air (OA) treatment; and service water heating (SWH). The guide educates, provides practical recommendations for exceeding code minimums, and provides leadership to help design teams and owners produce higher efficiency commercial buildings.
INTRODUCTION The Advanced Energy Design Guide for Small Hospitals and Healthcare Facilities
(AEDG-SHC) is targeted to help small-to medium-sized acute care, outpatient, and inpatient buildings achieve site energy savings of at least 30% compared to the minimum requirements of ANSI/ASHRAE/IES Standard 90.1-1999 [2] . The 30% energy savings target is the first step toward achieving a net-zero energy building-a building that draws from outside sources less or equal energy than it generates on site from renewable energy sources annually [3] . The guide was developed in collaboration with these partnering organizations: the American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE), the American Institute of Architects (AIA), the U.S. Green Building Council (USGBC), the Illuminating Engineering Society (IES), the U.S. Department of Energy (DOE), and the American Society for Healthcare Engineering (ASHE). The healthcare facilities covered in the scope of the guide are smaller than 90,000 ft 2 (8, Three major objectives drove the development of the guide: (1) to achieve a 30% energy savings over Standard 90. 1-1999 [4] ; (2) to produce a reference document for contractors, owners, and designers of small hospitals and healthcare facilities; and (3) to provide how-to assistance to contractors and designers [5] . The guide is intended to show that achieving the 30% target is not only possible, but easily achievable. Case studies show facilities around the country that have achieved and surpassed the 30% energy savings target. Best practices and cautions are also provided to demonstrate how to successfully implement the recommendations.
By specifying a target and identifying paths for different climate zones, the guide provides one example of how to meet the 30% savings target and how to build facilities that use substantially less energy than those built to meet the minimum Standard 90.1-1999 energy code requirements. There may be other means of achieving the target, and it is hoped that the guide generates ideas for innovation.
LAYOUT AND CONTENT
The introduction of the guide contains information about its goal and scope, as well as instructions for its use. Next the guide provides resources for those who want to understand and adopt an overall, integrated process for designing, constructing, and operating energy-efficient small hospitals and healthcare facilities. The guide presents an integrated process for achieving energy savings. It is valuable for designers and builders who want to augment and improve their practices so energy efficiency is deliberately considered at each stage of the development process, from project conception through building operation. This section concludes by addressing the details of an integrated design process. It discusses the benefits and features of integrated design, specifics about the process, and step-by-step details about the four phases of the process: predesign, design, construction, and acceptance/ occupancy/operation.
The third section contains the climate-specific recommendation tables, a unique set of energy efficiency recommendations for each of the eight DOE climate zones in the United States. Efficiency recommendations are organized by several categories: envelope; electric lighting; daylighting; heating, ventilating, and air-conditioning (HVAC); and service water heating (SWH). The recommendations are simply one path to reach the 30% energy savings target over Standard 90. . Other approaches may also save energy, but identifying all possible solutions is not in the scope of this guide; assurance of the savings with other approaches is left to the user. To achieve 30% energy savings, this guide assumes compliance with the more stringent of either the applicable edition of Standard 90.1 or the local code requirements in all areas not addressed in the climate-specific recommendation tables. Future editions of energy codes may have more stringent values. In these cases, the more stringent values are recommended.
Next the guide presents seven detailed case studies that illustrate techniques and methods discussed. Energy numbers are provided to benchmark these buildings against future buildings. All these case studies use some of the recommendations in the tables, but predate the publication of the guide and were not developed explicitly using those tables. Readers are encouraged to view more case studies at http://www.ashrae.org/aedg, and to submit their own. Case studies provide the motivation and the examples for others to follow.
The final section provides guidance about good practices for implementing the recommendations, as well as cautions to avoid known problems in energy-efficient construction. The section is divided into quality assurance and commissioning, envelope, lighting, daylighting, HVAC, SWH, and bonus savings. The bonus savings subsection includes areas for additional good practice items that, if implemented properly, should achieve savings beyond the 30% level.
The quality assurance and commissioning subsection contains specific details about commissioning and its importance in every step of the design process. The envelope subsection contains climate zone-specific information about explicit types of walls, roofs, floors, doors, insulation, infiltration, and vertical fenestration. The lighting subsection details best practices for interior finishes, specific lamp and ballast types, lighting layouts, and control strategies for specific space types. The daylighting subsection provides tips on general principles, using daylighting analysis tools, daylighting space types and layouts, building shape and orientation with respect to daylighting, window-to-wall ratios, sidelighting, toplighting, skylight construction, shading devices, photosensor specification, and photocell placement.
The HVAC subsection includes best practices for multiple-zone variable-air volume (VAV) air-handling systems, water-source (including ground-source) heat pumps, dedicated outdoor air (OA) systems, HVAC load calculations, equipment efficiencies, economizers, exhaust air energy recovery, ductwork design, duct insulation, duct sealing, exhaust air systems, system-level control strategies, filters, chilled water systems, heating water systems, and zone-level controls.
The bonus savings subsection includes good practices for lighting (exterior lighting, lamp types), process loads (medical equipment, high-performance kitchen and laundry equipment), renewable energy (photovoltaic and solar hot water systems, wind turbines),
EVALUATION APPROACH
The guide contains a set of energy efficiency recommendations for each of the eight DOE climate zones across the United States. The following steps describe how the energy savings potential of the guide's recommendations was determined.
Develop "Typical" Small Hospital and Healthcare Facility Prototypes
For building characteristics that are not specified by Standard 90.1 but that are needed to develop code-compliant baseline models, the PC chose two recently constructed healthcare facilities (a surgery center and a community hospital) as the foundation for the prototypes. Information from the construction drawings for these facilities, along with publications data, was used to determine "typical" small hospital and healthcare facility characteristics. The publications surveyed include:
• These documents were used to develop the prototype model characteristics, including form and floor plate, plug/process loads, ventilation rates, and operating schedules. These characteristics are the same for the baseline and low-energy models, and are documented in Table 1 . 
Create Baseline Models from the Prototypes that are Minimally Code Compliant for Standard 90.1-1999
The baseline models for the small hospital and healthcare facility were developed by applying the applicable criteria in Standard 90.1-1999 to the prototype models. The baseline small hospital and healthcare facility energy modeling assumptions obtained from Standard 90.1-1999 include the envelope characteristics, building lighting loads, HVAC equipment efficiency, operation, control, sizing, fan power assumptions, and SWH efficiency.
Create the Low-Energy Models Based on the Recommended Energy Efficiency Technologies in the Guide
The final recommendations were determined based on an iterative process using the PC's expertise and results from modeling the recommendations. To quantify the potential energy savings from the final recommended energy efficiency measures, the low-energy building models were simulated by implementing the following energy efficiency technologies. The energy efficiency measures that were applied to all climate zones and included in the energy saving calculation are: 
Verify 30% Energy Savings Across the Various HVAC System Types Over the Eight U.S. Climate Zones
EnergyPlus 12 was used to perform building energy simulation analysis to assess and quantify the energy savings potential of the guide's recommendations. Two sets of simulations were run for each prototype: the first meets the minimum requirements of Standard 90.1-1999; the second uses the recommendations in the guide to achieve 30% energy savings. For each low-energy design, three cooling equipment types were modeled: a package rooftop system with direct expansion (DX) cooling, a packaged rooftop system with a central air-cooled chiller, and a packaged rooftop system with a central water-cooled chiller. The recommendations result in greater than 30% energy savings in all climate zones for each prototype within the range of cooling system types.
The flowchart in Figure 1 shows the evaluation approach.
MODELING METHODS

Climate Zones
The guide contains a unique set of energy efficiency recommendations for a range of climate zones. The common set of climate zones includes eight zones covering the entire United States (see Figure 2 ). Climate zones are categorized by heating degree days and cooling degree days, and range from the very hot zone 1 to the very cold zone 8. Some climate zones are divided into subzones based on humidity levels. Humid subzones are "A" zones, dry subzones are "B" zones, and marine subzones are "C" zones. The combination of climate zones 1 through 8, along with their respective subzones "A," "B," and "C," create 15 unique climate zones. Fifteen specific climate locations (cities) were selected as being most representative of each subzone, as shown in the list. To determine energy savings, Typical Meteorological Year 2 weather files for each location were used to simulate the baseline and low-energy models.
• 
Analysis Platform
EnergyPlus version 3.1 was used to complete the energy simulations [12] . EnergyPlus is the contemporary DOE tool that accounts for the complicated interactions between climate, internal gains, building form and fabric, HVAC systems, and renewable energy systems. Alongside EnergyPlus, Opt-E-Plus [13] , a software research tool that integrates with EnergyPlus, was used to aid in this analysis. Opt-E-Plus was developed by the commercial buildings research group at NREL and was used to create and manage the EnergyPlus input files. The main analysis started with 8 "seed" EnergyPlus input files (1 baseline and 3 lowenergy models for the 2 prototypes). Opt-E-Plus was then used to sweep these input files across the 15 climate zones, generating 120 input files. Interim analysis included sweeping 16 other "seed" EnergyPlus input files across the 15 climate zones to create 240 separate input files, for a total of 360 individual EnergyPlus input files. During this Climate Zones and Representative Cities [11] .
sweep, Opt-E-Plus applied climate zone-specific AEDG-SHC recommendations (such as roof insulation values) to each input file. When interfaced with a Linux supercomputer, Opt-E-Plus was able to complete approximately 1,440 linear simulation hours in only 12 clock hours. The results were then analyzed to determine the energy savings over the codecompliant baseline. If the 30% savings target was not met for each simulation, changes were made to the recommendations and the analysis restarted from the beginning. These "seed" input files were continuously updated based on the results of the previous simulation iteration as the project progressed and were reswept numerous times. The automation of certain portions of this iterative process with Opt-E-Plus made this project possible in the allotted time frame. Ultimately, the 30% savings goal was achieved for each climate zone.
RECOMMENDATIONS
The guide makes recommendations for enhanced efficiency in several building systems to meet the 30% savings target. To further illustrate the impacts of these recommendations, Table 2 A review of the recommendations for all climate zones indicates how climate affects specific differences between low-energy and baseline models. For example, the recommended increase in roof insulation is greater in cold climates than in hot climates, reflecting the greater potential for extra insulation to save energy in colder regions. Mass wall insulation nearly doubles in hot and cold climates compared to Standard 90.1-1999; steel-framed walls add continuous insulation in hot climates and significantly increase in R-value in cold climates. Slab insulation increases over Standard 90.1-1999 in cold climates only, again reflecting the greater impact of insulation in cold climates. Vertical glazing thermal transmittance changes fairly substantially in hot climates because it switches from single to double glazing, but the value changes less dramatically in cold climates. SHGCs change slightly in hot and cold climates. Adding window overhangs with a projection factor greater than 0.5 was recommended for all climate zones.
The concept for improving the building envelope was based around the fact that most small healthcare facilities use constant-volume reheat systems to handle the space conditioning needs. These systems have traditionally been common in such facilities because they can independently control temperature and humidity and maintain space pressurization requirements. The roof, wall insulation, and window performance was increased, which reduced the constant-volume airflow needs and associated reheat. The envelope thermal performance was increased to the point that the reduced airflow needs meet the code-required minimum values. This saves on fan power and reheat energy, and smaller constant-volume systems can save capital costs with smaller air systems and reduced cooling capacity.
The daylighting recommendations include designing the building to maximize access to natural light through sidelighting in staff areas (exam rooms, nurse stations, offices, corridors) and public spaces (waiting, reception), along with daylighting controls. General LPDs were reduced 37.5% in this guide compared to Standard 90.1-1999, representing a large proportion of the total energy savings.
HVAC cooling efficiencies improved 15% in this guide compared to Standard 90.1-1999 in all climates zones except 6, 7, and 8, where they remained unchanged from Standard 90.1-1999 because the cooling energy represented a small portion of the whole-building energy use. Because high air change rates and humidity control are required in many space types, the constant-volume reheat HVAC systems that have traditionally been used in these facilities use a lot of energy for reheat. The baseline energy modeling shows that reheat represents more than 20% of the total energy use in all climate zones. Thus, high-efficiency condensing boilers are recommended for all climate zones because of the significant reheat energy required to maintain airflow requirements and humidity control in all locations. The SWH recommendations indicate the value of using either high-efficiency or point-of-use water heaters to reduce water heating energy use.
ENERGY SAVINGS RESULTS
Annual hourly simulations of two prototype buildings established the energy savings results from the application of the guide. One prototype building was the 65,000 ft 2 (6,040 m 2 ) community hospital; the other was a 41,000 ft 2 (3,810 m 2 ) surgery center. Both prototypes were simulated in all 15 climate locations, representing humidity subzones for the eight climate zones depicted in the guide and the standard.
The results of the simulations are indicated in Figure 3 , showing the energy savings compared to the baseline for the community hospital and the surgery center.
All locations achieved the 30% savings for the community hospital and the surgery center. In general, the community hospital outperformed the surgery center in most climate locations because of its continuous (24-hour) operation. With lower lighting levels, additional heating energy was necessary to compensate for the heating typically gained from lighting power sources. However, this was more than offset by the cooling load reduction associated with lower lighting levels.
Complete results of the prototype facility simulations are presented in the 
BUNDLED ENERGY EFFICIENCY MEASURE ANALYSIS
During the modeling process, a baseline model and a low-energy model were created and compared to provide the percent savings numbers. The low-energy model was created by starting with the prototype model and applying as many guide recommendations as possible. However, it is difficult to determine which recommendations provide the most energy savings because they are all applied to the prototype model in a single operation.
To better understand how each recommendation affects energy performance, a study was performed in which each guide recommendation was incrementally and aggregately applied until the low-energy model was achieved. This study was termed a bundled energy efficiency measure analysis and consisted of seven steps: (1) apply the envelope efficiency measures, which included adding overhangs to the south windows, adding skylights to the surgery center, and upgrading the building materials in accordance with the guide recommendations; (2) reduce space-by-space LPD; (3) add daylighting controls to applicable zones; (4) reduce fan pressure drop and increase fan efficiencies; (5) improve boiler and SWH efficiencies; (6) improve DX cooling efficiencies; and (7) implement a zone airflow setback strategy in which the HVAC terminal boxes mimicked constant air volume boxes during occupied times and VAV 0 Baseline Baseline Baseline Baseline Baseline Step 1
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Step 1 : Apply the AEDG specific envelope criteria to the baseline model.
Step 2 : Apply the AEDG lighting power density recommendations to the model from Step 1.
Step 3 : Apply the AEDG daylighting recommendations to the model from Step 2.
Step 4 : Apply the AEDG fan efficiency recommendations to the model from Step 3.
Step 5 : Apply the AEDG boiler efficiency recommendations to the model from Step 4.
Step 6 : Apply the AEDG compressor efficiencies to the model from Step 5.
Step 7 : Apply the AEDG zone airflow setback to the model from Step 6. The results of this analysis show the biggest energy savers are the LPD reductions and the implementation of a zone airflow setback. Colder climates benefited more from the improved boiler efficiencies; hotter climates benefited more from improved cooling efficiencies.
SUMMARY
As with the previous guides in the series, the SHC-AEDG provides a simple, easy-touse guide to help the building designer, contractor, and owner identify a clear prescriptive path to 30% energy savings over Standard 90. . In many ways, the SHC-AEDG is a simple interface to a complex analysis performed using EnergyPlus. The combination of a set of recommendations contained on a single page, along with numerous how-to tips to help the construction team complete the project successfully, should result in increased energy efficiency in new buildings. Case studies of actual small healthcare applications add to the comprehension of energy efficiency Step 1
Step 7 : Apply the AEDG zone airflow setback to the model from Step 6. opportunities. The SHC-AEDG is available for print purchase or as a free download from http://www.ashrae.org/aedg. The ultimate goal of the Advanced Energy Design Guide partner organizations is to achieve net-zero energy buildings, and the 30% savings guides represent the first step in reaching this goal. The SHC-AEDG marks the last in the series of 30% savings design guides. This guide has furthered similar work in the healthcare energy efficiency field, as it set the stage for developing a large hospital best practices guide and is used in planning the next series of 50% savings Advanced Energy Design Guides. Also, U.S. government healthcare facilities are starting to use the guide to meet EPAct 2005 energy efficiency requirements.
